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The very early mouse embryo is initially covered by a layer of cells called visceral endoderm that despite its
name (visceral means associated with internal organs) was only thought to give rise to extraembryonic struc-
tures. Now, in this issue of Developmental Cell, Kwon et al. (2008) show unexpectedly that a significant pop-
ulation of visceral endoderm cells does contribute, along with epiblast-derived endoderm, to the embryo
proper.
The textbook view of embryogenesis in
amniotes, i.e., reptiles, birds and mam-
mals, explains that the entire embryo is
derived from the epiblast (ectoderm) layer
of cells that forms at the blastula/blasto-
cyst stage (about E5.0-6.0 in the mouse).
During gastrulation, the epiblast gener-
ates two other cell layers, the meso-
derm—which gives rise to the circulatory
system and many other internal organs—
and the endoderm that forms the future
gut, liver, pancreas, lungs, and bronchi.
The cells of the epiblast enter into the
other layers by a process of ingression
through a midline structure, the primitive
streak (for review, see Tam and Gad,
2004). Prior to gastrulation and formation
of the primitive streak, the embryo is bila-
minar: the epiblast is covered by a layer of
cells known as the visceral endoderm in
the mouse and as the hypoblast in birds
and nonrodent mammals. However, its
cells are not thought to contribute to the
embryo at all. Despite its extraembryonic
fate, the visceral endoderm and espe-
cially its anterior-most part—the anterior
visceral endoderm or AVE—have recently
attracted considerable attention because
it has important signaling functions, espe-
cially ensuring that the primitive streak
is confined to one end of the embryo
(Waddington, 1932; Beddington and
Robertson, 1999; Bertocchini and Stern,
2002; Perea-Gomez et al., 2002) by inhibi-
tion of Nodal signaling.
After the primitive streak forms, an area
covering its anterior tip becomes progres-
sively depleted of visceral endoderm and
populated by epiblast-derived cells, the
definitive or gut endoderm. Based on his-
tological observations, the expression of
molecular markers for the visceral endo-
derm, and some lineage-labeling experi-
ments, it was generally believed that the
embryonic endoderm inserts into the
visceral endoderm as a continuous sheet,
displacing all of the original visceral endo-
derm to the periphery of the embryo,
where it will only contribute to extra-
embryonic structures like the yolk sac
stalk (Tam and Gad, 2004). However,
this view of sheet-like ingression of cells
at the anterior primitive streak was entirely
conjectural, as cell movements in this
region had not been studied in live
embryos until quite recently.
A study in chick embryos based on
labeling very small groups of cells recently
suggested that rather than inserting as
a sheet, cells migrate within the meso-
derm away from the tip of the streak for
some distance before inserting as individ-
ual cells into the primitive endoderm
(hypoblast) (Kimura et al., 2006) (Fig-
ure 1A). Now a new study in this issue of
Developmental Cell (Kwon et al., 2008)
provides compelling evidence for a similar
process in the mouse, based on many
different genetic labeling experiments of
the visceral endoderm coupled with
some time-lapse video microscopy of
living embryos. Kwon et al. (2008) use
three different transgenic strains in which
genes expressed in the visceral endo-
derm drive fluorescent reporter proteins
to label this tissue: a strain with GFP
driven by a-fetoprotein (AFP), another
with RFP driven by the Transthyretinin
(Ttr) promoter, and a third with Cre recom-
binase driven by Ttr, which is then used to
activate LacZ permanently in cells that
expressed Ttr. Kwon and colleagues
then use these embryos to observe the
Figure 1. Endoderm Progenitor
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(A) In the chick, epiblast-derived cells destined
to contribute to the definitive endoderm migrate
within the middle layer before inserting into the
endoderm. HN, Hensen’s node; Epi, epiblast; ML,
middle layer; st, stage. (Kimura et al., 2006).
(B) An embryo at early somite stage (E8.25), seen
from its distal pole to show the distribution of
labeled (green) visceral endoderm cells. Visceral-
endoderm-derived cells underlie the primitive
streak and surround the node and head process.
More are scattered elsewhere throughout the
endodermal layer.
(C) Magnified view of (B). Panels (B) and (C) are
adapted from Movies S4 and S6 in Kwon et al.
(2008). A, anterior; P, posterior; L, left; R, right.Developmental Cell 15, October 14, 2008 ª2008 Elsevier Inc. 493
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cells to see how they become replaced
by the invading epiblast-derived endo-
derm. All three methods give the same re-
sult: epiblast-derived endoderm cells in-
sert into the endodermal layer as single
cells, which is confirmed very clearly by
time-lapse movies. Surprisingly, almost
all of the visceral endoderm cells appear
to persist and even to proliferate, although
they become gradually diluted by the
newcomers. It will be interesting in future
to determine whether, as in the chick, pro-
spective mouse endoderm cells travel
within a middle (mesendoderm) layer
before joining the endoderm as single
cells.
Another surprising observation is that
the persisting visceral endoderm cells
can be detected as late as the 16–18 so-
mite stage in the lining of the gut, indicat-NCAM Is at the He
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E-cadherin is a multitissue tumor-sup-
pressor protein which is often lost, or dys-
functional, in epithelial cancers (Cavallaro
and Christofori, 2004). As a consequence,
cell-cell adhesions (adherens junctions)
are weakened, and this weakening facili-
tates cells’ breaking free from their neigh-
bors. In addition, cells assemble dynamic
b1-integrin-mediated focal adhesions or
focal contacts and assume a migratory
phenotype more reminiscent of mesen-
chymal cells. Epithelial to mesenchymal
494 Developmental Cell 15, October 14, 200ing that these cells do contribute to the
embryo proper. Furthermore, these cells
tend to surround embryonic structures
that have known signaling properties,
such as the node and head process/no-
tochord (Figures 1B and 1C). The authors
are rightly cautious to avoid speculating
on the significance of this, but no doubt
others will soon propose that their con-
tinued presence around these structures
could explain some of the signaling func-
tions of these centers. One hopes that
any such proposals will be accompanied
by evidence as compelling as that in the
present study, which is a model of how
shrewd observations, untainted by pre-
conceptions and supported by several
very well-designed embryological exper-
iments, can reveal that even the most
widely accepted ‘‘facts’’ can sometimes
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transition (EMT) occurs during embryonic
development and is presumed to play
a role in acquisition of invasive and malig-
nant phenotype (Lee et al., 2006; Yang
and Weinberg, 2008). Moreover, TGFb
(which is used extensively in the new
study by Lehembre et al. [2008] in The
EMBO Journal) promotes EMT by Smad-
mediated transcriptional activation of
HMGA2, which induces expression of
Snail, Twist, and Slug that, in turn, repress
E-cadherin (Thuault et al., 2006). The im-
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portance of EMT during normal develop-
ment and pathophysiological processes
has justifiably led to its intense investiga-
tion over many years. However, we still
lack a full understanding of the critical me-
diators of EMT initiation and maintenance
and of the mechanisms involved in recip-
rocal regulation of E-cadherin and the
components of integrin-mediated focal
adhesions.
In a new study, several experimental
cell systems, transgenic mouse models,
